The surface layer of synovial interstitium lining the rabbit knee was studied by transmission electron microscopy. Over a distance of2-3 in normal to the surface the interstitium contained a network of fine microfibrils (diameter 9-3 (0.7) nm, mean (SEM)) which was quite dense in places (fractional area of projection 0-189 (0.023)), and stained with ruthenium red. Periodic collagen fibrils were relatively scanty and fine (diameter 32 (2) nm) in this surface layer. Broad cross-striated bundles occurred in association with the microfibrils and B cells. These fibrous long spacing bundles (FLS) had a single period of 92-8 (2-8) nm with a broad dark band (37-6) (1-8) nm-so called 'zebra collagen'. Both the periodicity of the FLS and the morphological characteristics of the microfibrils are typical of type VI collagen, a widespread constituent of soft connective tissues. The functional importance of the inner microfibril network is likely to be mechanical, biochemical (glycosaminoglycan and glycoprotein entrapment), and to a very minor degree hydraulic resistance.
The interstitium of the synovial lining is a complex matrix which, together with the capillary wall, governs the movement of fluid, nutrients, and proteins between plasma and the joint cavity.' It also governs the clearance of intra-articular proteins, proteoglycan fragments, and immune complexes into lymph. Thus the nature of the matrix influences the intra-articular environment. Despite this the composition of the matrix remains poorly defined. The major identified constituents are structural collagen fibrils,2 3 the structural glycoprotein fibronectin,3 4 and glycosaminoglycans, probably mainly as proteoglycans."9 The classic structural elements are the periodic collagen fibrils of diameter 50 nm or more, which abound in the deeper zones of the synovial lining (>2 rtm) and are composed of type I and type III collagen molecules (Ashhurst and Levick, unpublished data).3 10 There is also a network of finer nonperiodic structural filaments located predominantly in the zone of interstitium adjacent to the joint cavity. These synovial 'microfibrils' were discovered a considerable time ago by Highton, Myers, and Rayns8 but have received comparatively little study. We report here some morphological clues that synovial microfibrils may be related to type VI collagen, and assess the potential functional significance of the microfibrils. The type VI collagen molecule was characterised quite recently."-6 It is widely distributed in soft connective tissues," intervertebral disc,'2 articular cartilage,'3 and fibroblast culture matrix'4 but has not been sought in synovium. Because of its short triple helix and large terminal globular domains the 100 nm long molecule readily associates into tetramers, which assemble end to end into microfibrils. Although microfibrillar regions were readily found, there were also some superficial regions where the matrix was more granular or amorphous, perhaps because the section was perpendicular to the predominant lie of the microfibrils.
-'s C f wX 4 XCf p<O-0l, t test). The maximum uninterrupted lengths of observed microfibrils were 500-1000 nm, but most were considerably shorter. The density of the superficial microfibrillar meshwork may affect hydraulic resistance (see 'Discussion'). As an index of density, the fraction of interstitial space apparently occupied by microfibrils was estimated by a standard point-counting method-namely, the number of superimposed grid points overlying microfibrils relative to total grid points. 26 In five samples where microfibril resolution was optimal and the lie of the microfibrils was apparently longitudinal the microfibril profiles occupied 18-9 (2 3)% (mean (SEM)) of the interstitial area. Since section thickness (t) was nearly lOx the microfibrillar diameter (d) this must be allowed for in evaluating microfibril volume density. If the microfibrils are aligned perfectly parallel to the cut plane, and overlap is negligible, simple geometry shows that the microfibril volume fraction equals apparent area fraction times nd/4t. If the microfibril orientation is completely random the factor becomes nd/2t. If 80 nm is adopted as the typical thickness of a silver section the proportion of interstitial volume occupied by microfibrils is therefore between 1-73% and 3A46%.
The microfibrils stained positively with ruthenium red (figs lb and 2) but were also distinguishable, albeit somewhat pale, after conventional heavy metal stain alone (fig la) . Under high magnification there was evidence of internal structure. The resolution of this structure was not very good, but at favourable sites there seemed to be globular domains (-14 nm diameter) joined by finer linear elements (fig 2) .
FIBROUS LONG SPACING BODIES
Although not present in every field, these striking structures were quite common. They comprised wide elongated bodies with a regular dark broad transverse stripe (figs 3 and 4). They were found in association with the microfibril meshwork and in some cases in close association with the fibroblast-like B cell (fig 3) . Fibrous long spacing bodies were up to 5000 nm long (though typically only 300-500 nm) and 100-300 nm broad. The (2) Undegraded type VI collagen exists in situ as microfibrils in placenta and aorta, as a fine granular meshwork in cross section, and as more amorphous regions." The diameter of synovial microfibrils (mean 9 3 nm, range 5-5-13 7) fits well with the diameter of proved type VI microfibrils (5-10 nm).1' Published electron micrographs of proved type VI microfibrillar networks in other tissues closely resemble the synovial meshwork (figs 1 and 2) in general pattern, lengths, and densities-see for example figs 8 and 9 in reference 11.
(3) Type VI collagen molecules form tetramers, in which globular domains are linked by finer strands.'2 15 16 Although internal microfibril structure was not well resolved here, globular elements linked by finer strands were occasionally detected (fig 2) .
(4) Type VI collagen often aggregates into FLS, with a single repeat period of 90-120 nm due to a single repeating broad dark band, which gives rise to the name zebra collagen. 5 We considered three functions for the microfibrillar network which do not depend on its exact chemical identity.
(1) Preservation of the glycosaminoglycan and glycoprotein content of the synovial lining in the face of trans-synovial flow requires that some fixed structural scaffolding exists. In articular cartilage, for example, the proteoglycan is retained ultimately by the type II collagen network. There are very few periodic (type I/III) collagen fibrils in the innermost synovial matrix, however. The fine, dense meshwork of microfibrils seems well suited for a role as an 'anchor' for molecular fibres, whether by chemical bonding or simple physical entanglement.
(2) In view of the paucity of type I/III fibrils in the innermost synovial lining the mechanical properties of the microfibrillar network may contribute to the lining's extensibility and tensile properties. ( 3) The projection of the microfibrillar network on the observed plane is quite dense, which raises the possibility that it may contribute significantly to the substantial hydraulic resistance of synovial interstitium. The area density is, however, to some extent an illusion created by the finite section thickness, and the volume density is only 1-7-3-4%. Nevertheless, cylindrical microfibrils of radius 4 65 x 10 -cm (r) occupying 0-0173-0-0346 of the interstitial volume (4) 
